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A 32-BIT FASTBUS CONPUTEP

J.M. Bloaeom, .1 :. Hong and R.G. Kellner
LOS AIMMJE National Laboratory

E-10 Data Syutema, MS K488
Loo Alamoa, NN 87545

Abstract

Loe Alamoa National Laboratory ia building a 32-bit
FASTBIJS computer uelng the NATIONAL SEMICONDUCTOR

32032 central proceaoing unit (CPU) and containing 16
million bytaa of memory. The board can act both an a
FASTBUS maater and aa a FAsTBUS slave, [c concaino a

custom diracc memory accesn (DFIA) channel which can
perform 80 million bytaa per second block transfera
acroaa the FASTBUS.

Overview-—

The Fb32000 FASTBUS computar has been deslanad to

optimize hiah-apeod block tranmfera acrosa the

FASTBUS, nlong with provldlng on-llne data reductjon

and functional con~.rol. A 32-bit UNIX* ena~ne, the

Ns32032, ia r~sidenc on a separate execution bus,
freejna the FASTBUS for othar operation while data

reduction proceoda cn the FB32000. Block tranafer of
d~ta is facilitated by a cuzitom DMA channel which
atiaemblea and moves heteroaeneoun linked liatE of data
blocke. A 16 million byte memory allows ❑torage of
larae dtita tabluu without fraquent clink acceonaa, An
Ethurnet port connecca the FB32000 to external dev-
icee.

In order to support 32-bjt data calculatjono and affl-
clent data movement within the FASTBUS ●nvironment, a

32-Ljt ❑lcrocmputar with vfrtual mamory manaaamcnt
van chomen ● a the main procelelng elament . The
National Semiconductor Ns32032 family with hardware
floatjng point, lntorrupt control, memory management
and WA controller provJdec all naceaaary functions in
r. complete chip oet. The NS32032 haa a highly orthog-
onal inntructjon aat which ● aaas thn ooftware develop-
❑ ant tack. The CPU and ■upport chjpm resida on ●

local eyecution bum, reoervlng the FASTBUS for inter-
dvvicc block tranafars vla the cuotom LMA channel.

A custom I,lgh-apaed MA channel betwean the FB32000

mamory und tha FASTBUS Is Intended fur multiple block
tranafarm of punaibly non-contlguoua data fjelda

located anywhare in Mmory. Block si~a can ba h@t@ro-
Boneous and may vary from one J2-blt word to :he
entire four millioI word memury, A hardwaro pointer
proc,,amur allowo mtripplnu haadera or trailera from

data blockn ●nd otor Ing tham in 4 ●aparata araa In

memory without intervantlon by the noftware,

The FASTLIUS Interfaco Ie based on programmable array

lUBIC (1’ALm) and ASKCNI FRA601 Batm ●rray chlpa. Tha
Jntorfaca oupporta mamter/nlave operatloo, plrity gan-
arutlorl and chacklng, and II IIIE1O or block mode

trandferu. Tha IB321A7 can be addreaaad !n ●lthar
geographlc!al or loulcal addrrana ■paca, [l]

Detailed I)eocrlpt loll

‘Th~ Natlollal Semjconductur Ns32032 and Ito uuppurtlng

chip aat furnish high-level languuaa ❑upper. thruuah ●

— —.

A(]N1)( j. a trad~mark of Al&T

very orthogonal jnntructjon set, hardware ❑emery

management al~d a floating point slave pro:eaieor. The

CPU has eiaht 32-bit internal registers connected by
32-bit internal and external data patha. The 24-bit
external addreaa port acceeaee 16 million bytea of

random accea~ memory (RAM). When clocked at 10 MHz,
tha NS32032 executes 1 mjllion inatructionn par
second,

A floatlna point elavc proceaaor, the NS32081, per-
forms sjnale and double precjsjon IEEE standard P754
binary floatina point arithmetic. Tha Ns32081
featurea eiaht 32-bit reaiutera, and performs a double

precision floating point multiply in 6,2 Paec when
clocked at 10 MNz.

lnteL”rupt control and counter-timer functions are com-
bined in the NS32202 interrupt control unit (ICU).

The ICU contains cwrJ 16-blt counters, which may be
caacaded, and responds to 16 maakable prioritized
interrupts. An interrupt vector le generated by the
ICU to ~pacd proccsslna of external evento.

The NS32082 memory management unlc (NW) Incorporate
a 32 entry on-chip tranulaclon ctiche which Is automac-
icully updated from page tnblce In memory. Addraaa
tranalat~on is performed on chip, with 24-bit logical
to 24-bit physical mapptng of 512-byta pagez. Tha W
al-o nupporta proarnm development with hardware break-
point nnd progrum trace-back reglntern.

Perlpharal devices rcajdcnt on the Internal bua of the
i’B32000 have accans to DNA pruvided by tho Ns32203 DIM
control chip, The NS32201 la functionally ●aparate
from the blah-mpcod custom MA channel to the FASTBUS,
and oparates ac up to 5 million bytaa par ●econd
tranafer ratem. Four 16-bit. 1/(J channela can format
data from 8-bit parlpherala tnto 16-bit wordo for
efficient utlllz~ltlon O( bus rtuourcak.

Time Ht.lmpl!lg nf duta fileo and an Intarrupt ●larm
functlun are rculizad with tht, NM38167 real time
clock. Battery back,~p prevuntu lo~lo of tiw nynchron-
ig.atlon during power down.

Software dw~lopmant, file system accmca, procama con-
trol, ulmple ❑ulntnnancrt, and local aroM natwrkjrig
● re poselblc through an on-board Etherr,et port, Eth-
● mot la lmplemcntad with the Advanced Micro Devicaa
AN-990-AM7992 ,.hlp Mot utllizlng a buffered DHA port
to memory.

A large memory rrdidee on the local FB32DO0 ●xecutlon
bun ●lluwing mtnr~lge nnd pruceaaing of very Iaraa data
tabloa or keeplu~ u Iurgo program raaldent in memory
without the naconuity or frequent dlok ●cceaaao, The
memory ie divjdcd Into 128K bytcm of raad only memory
(ROM) , and up L(J 16 milllon bytes of RAN. The KM
•ectl~ln ia dlvldod Into four banha of four tiarn
●ach, with a~lch tier compriulnd fnur dtnulo in-:lne
eurfaco mountod memory modulon uf nina KAN chips aach,

The buord in cunflHurnblu tn UI? sithor 64K bit or
23bK hit chipo mId my havo from UN- tu four ti~r~

populated {It (I tim~, ruudltfng in memory conflsura-
tionm U( from I mlllioil byten to 16 million bytca of



RAY . The four memory banks are interleaved at the

word level in order to speed block transfera by read-

ahead and write-behind of data. Parity is gencraced

and checked at rhe memory port and scored byte-wiee in
w. Word parity is also f;ene.:ated and checked at the
FASTBUS incerfaca.

Each memory bank is controlled by a synchronous state
amchl ne implemented in Texas Instruments B-PALs.

These state machines handle timing and data latch con-
trol as well aa controlling the bank addreaa counter

in block tranafer mode. The banka cycle independently
and are run in paga mode at all timss. Page mode tim-

1 ng allowa many column accesaea per row acceas,
greatly improving acceaa time and minimizing operating
power . An addreas comparator, located in each bank,
detects a chal.ge in the row addresa and causes a row
addreaa cycle whenever necessary. In block tranafer
mode , all addretrsea increase monotonically, causing a
row address cycle once every 512 addrea.see, cmd addi-

tional) once every 9.5 u sec due to the row address
ecrobe timing OUC. In a normal access ❑cde, program

and data locali-y rends to keep row addroes cycles co
a minimum.

Refresh control ia synchronized acroe~ all tiers and

bankn by a PAL-baaed state machine that allowe the

banks to refreeh aa aeon ae the current data cycle ia
finiehed. In burnt mode, thla results In a rcfreeh
ripple acrose tho banks ❑ince each bank ie skewed by
one FASTBLIS tranofar time.

A cuMLOM DMA channel between the FALTDUS and the
FB32000 memory controls burst-mode data tranofers on
and off the FASTBUS. The Df4A channel operatea at
‘Iurut speeds up to 80 m~llion bytee per second and
incorporates nevural featuras useful in file transfer.
n pointer register file of lK 24-bit address pointer
pairs ia accesalble by the CPU In both read and write

mode. This register file contalne polnterd to etarc-
irtg and stopping addresees of the data blocks to be
moved . The pointer psirs can point to any size block
from one wcrd to 4 million words, or the entire con-
: entn of KM mmory. Aq no sequence or eet eJze ~s
imposed 011 the pointer hat, data may be ❑oved in
heterogeneously ●izad blocks located anywhere in
❑emery, and one data block may overlap another data

block. The DHA control regioter contains a data

source bjt which may be set to clear an array to
●lthar 00000000 or FFFFFFFF (hex) at WA transfer

speed. Thio feature may be used to Jnitlallze an
array to al! onas or all zeros at BO mllllon bytee per
●econd.

Dealgn of the memory, interleave, and DMA oubny.stem
wan accomplished with a register tranofer nlerarchlcal

approach nnd several autometad anglneering aids. The
●cheuatlc capture wan done on VALID SCALD daslgn sta-
tlurtrr, strtte machine daaignn were cemplled UBil18 the

Berkeley VLSI Tool sets’ PEG proqram, and PALS wero

generated by PALASH and CUPL, The rnalu dtita pat;~a,
ragietera, and special functlone such ad parity Aen-
eratlon and nddream comparloon were blocked out a: the

mystem level, and then expanded iteratively w’.thout
reg~rr! to regletmr control ur wcquenc lng. An algo-
rithmic daacriptIon was then davelnped [or drtl path

control, and porclonm of tha algorithm triiiirnluted Into
PEG euurce la,18ua8es Al !hlrn po~nt ctillcl] tiMiltg
path~ wara idafitifiad, ulld reglntar lmpl@rlLllt Zit~r)nO
wctro mud(f Iud where ncvomnuryti PEG, du :cronym for
PruUrammnbl.a array lUEIC Equation Gtinerator, Outputtl
Boulenn oquotfona for o Floorr model ❑ tutl. machine 111

whlrh outpwta are otrlcl r~lllLtlOnOof tho statu var !-

LLblun, givan a nultable nlgnrlthm nu iup~lt, ‘rhc

output i9 suitable for implemer.tation of the logic

design in a custom VLSI ct,ip, so a filter, PECASf4, waa
developed by members of our group to transform the

output into PAIASM format. After the PEG source is

compiled and translated into PALASM, a PAL device maY
be programmed. The result is an implementation of the
control function with off-the-shelf PAL devices. CMOS

UV-erasable PALS were used during development to allow
coat effective Iteration of the design. Some portlona

of the control loglc, e.g. the pipeline handahake

between the Interleave and the FASTBUS data inter-
face, were not possible to design using PEG becauae of
aeynchronoua operation, speed conatralntam or both.

In these instancea the design waa almulated on Cerlcor

CAE software running on a Sun workstation, or In some
instances on the VALID loglc design statlona. %jor

aubblocks of the design were prototypcd, including th~
CPU , =mory b~nks, Ethernet Interface, and FAsTLuS
interface.

Certajn uncxpccLcd tlmlng C(JnSLrajl)ta were u.lcovcred
aa the deslgll progressed, such as the ‘.urprlslng
result that, duc to plpellnc dclnys, the dO ❑jlllon
bytea per xccond memory jnterfuce w1ll Just keep up
with no-wait-sc~tc operation O( a 10 H(Iz 32032 CPU
fetching one opcr~nd in 400-500 Ps. In order to
satisfy the NS32032’S mcmury fetch timing, 120 ns
DfW4a were used, ~nd U custom FtAH controller wns
designed to take full advantage U: acce~a times. A

state machine ~pproi]cll wus used CLI design the RAN con-
troller, which hnd to handle p~ge ❑ode tlmlng control,
addreaa source ❑ultlplcxlng, fll]d rtindom and block mode

accemee8. A 20 HHz clock speed was used [U CUL tlml:lg
penal tleti nseocia[ed wltb the quantized timing U( the
state mechlne. Glltch-f..cc opcrittion ncccsslt:lted a
ragjatered v~rlable npprutich, forcing the dlvia!on of
the RAN controller ln~..~ fo~r PAI. devices. ‘The design
waa imp!etmcnted Ill ‘1’cxus lni4Lrumcnts T1tlPAL16R8 logic
devices, arid ran gl~tch-free out to 40 MHz.

The MM channel {unslsts uf J 22-lzlt nddruns counter,
a 2K word 2~-hlt addrus~ stack, a stack pulnter
counter, a cu,ttrol rcgJ;tcr, vuriouu dflta nnd nddresti
pathe, and n std[e mnchlnc to control NM operation,

A 20-bjt addrcs~ counter located III each memory bank
ia alao a~eoci~lrd with burst ❑ode datu tranufer
through :hc MM channel. ‘rtw ❑emery 1s run wlch a
read -ahzad/wr ltc-bahlnd scheme LO Lake full advuntage
of the inherent plpulining of the jn~erlcaved ~mury
dcojnn, Slncc this rcqulrca the memory brinks to bc
accr.oslng dlfferetlt tiddredscu nt the ~nmc tlmc,
neljaratc nddrc~# coui,teru were u~cd for each b:ll]k,

Lncluded bclu~ JM ii uumple IJh(; uuurcti file u~cd tu
implement thu rcfre~ll contr~llern CommeIIlm uppuar us
a double donh (--) folluwcd hy text to the end of the
line. The actuul prugrilm ❑ tartu with the “lN1’UIS” key
word and lnrludL.B conMLruut!4 fur ~tute eequcnce cOll -
trul and UULP(IL v~lrlllblu {lMnlrrtlon, Tlw cunLrul
atmtemantu UI1OW 11-w~iy broncltll]~ (CASE, GOTO), Idllng
(LooP), und cuntrul board UII ~lnglu ,llld multiple Jl]put
variablco (CASE, lF-’rHF,N),

Tbla Jn the pcK ~ollrcc [I IL. I_or Lhu FASTBUS ❑ultl-b{lnk

refresh culltrullrrl “Thv cul!Lrullnt hndlua the rol -
10wIIIg runctlunl:

(1) It dotuctq tilt, IIFCK O,iLpUL from th~ Natloll;ll Sem-

lcunducLut IJPL14300 rufroHh timer, and gencrntcn 4
Illdcpclldcnt rufrcnll rcqllc~tM l,) the 6 mcmu,.~

bankn III thu FAS’I’I!LIS {.nrtj,



(3) On receivinE all four RFADn(L) signaln from the
memory banks. ic ganeratem an INCRFAD (Increment
refresh addreea) signal to the refresh addrees

counccr ,

--SIGNAL

--RESET:

-- RFCK:

--RFAD3 .

and then loopn back co waiting for RFCK.

LIST:

Thfe eignal cleara nll registers. (1OU
--true)

Input (high true) from DP84300. Signals
--tire for refreeh.

. RFADO : InBut (low true) from memory

--RFlfQ3. .O:

--lNCRFAD:

--banku 3..0. kmory banke”

--generate thie eignal while
--performing a refreoh CYC1O.
--Ueed to detect refreeh
--complete.

Output (high true) elgnala bank(n)
--to perfo~ tefrm~h.

Output (blah true). Uead to

--lncre=n~ refre~h address
--~ouncer~, Its complement Is fed
--to the DP84300s’ kKFttESH Input

--to indlcnte refrcnh complete
--a~roaa all bank~m

lNPrrs: RESET RFCK RFAD3 RFAIJ2 ltFAD1 RFADO;
OUTPUTS : IIFRQ3 RFRQ2 RFRQI RFRQO lNCIIFAI);

zero: IF NOT RFCK THEN LOOP;
--this !e the retict •t,+~c,

i,nu: A!;SKRT HFRQ3 HFRQ2 RFRQI RFRQO;

CASE (RFAD3 RFAD2 ltFADi RFADO)
1111+ two ;
ENDCASE + LO(JP ; --wait for all banks

--to respond.
LWO: ASSERT lNCRFAO; --rarnct a] 1 RFRQ Ilncto,

--lncrcmcnt rclrcsh cuunt
--rind hnntfullakc LO 1)1)84300

thrw: ASSERT lNCliFAII;
COTO zaru;

GENIX, u N:ltlonul Semlconductur purt uf fJerkcltiy 4.2
bud UNIX* to the NS32032, wuu purchnucd by the Lou
Alamo- National Laboratory and the enurce code Ia
bulnN mudlficd to accompllmh n UNIX* porL LO the

FB32000.

The FASTBUS lnrcrfmcc IM dlvldcd into four sectiol,s:
❑aeter logic; ❑ Iave logic; CSffs; and Lhe FASTBUS to

local bue Interface. Askom F.%601 ECL macrocell chlpe
were ueed co implement the data path in the FASTBUS co
local bua interfncc. The tltA601 conelsts of an 8-bit

slice of the (ollowfng functions: FASTBUS drivers;

FASTBUS recefvcrs; output latcheu; par;ty 10sIc; logi-
cal address rcgis Ler ond compa:e; and local bua

drivers and rcculvcrs. The In:erfacc a150 includes
ECL-TTL level Lrnnslacion utilizing 10124 and 10I25
buffer chip~,

The FB32000 Implcmente CSlts O, 3, 5, 7, 8, 9, A-F and
100 throu~h IOF. CSRO cnntainn the davica i.D. and 16
concrol and atucu~ bits, CSN3 in the logical nddreaa
reginter, and CSW la the mas~er arbitration level
reglstcr. l~Slt5, CSltS A-F nnd 100-IOF ore treed for
lnterdcvlcc hluck Cr;l!lsiur p.lramcters. CSH7 is used
for atorlng [ho bruildc.lst mode case 2 clash “N” valuea
in alavc ❑odu. CSlt9 provldcs ❑ iteter timing control
for diagnosclc purpoacs.

Geographical, luRJctil, ~nd bruadcast caaes 1-5 primary
addreas Cyclcti arc supported by the slave logic.
Block Lrirnn(tr, r,lndorn rc;ld/wrftc, and secondary
address ryclt.s ~ru [ullv supported. The slavp 10R1c
is baaed un d PAI. dvsl~n by DcrvnlnR and PregernlS[2],

The maeter 10EIU IM Implcmrntcd in a [Inltc stete
❑acnlnc Wll 1rh courd Innlcs Jll FASTBUS and lucal bum

upcratlon~. Tlw ~lJLu rnucklnc la controlled by a
local bus CSH with rc,i]d/urltc uccetin by the Ns3203?.
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